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GENERAL INFORMATION
PURPOSE o _&936€

Th:s lBM 7090 FORTRAN program colcu!ates fhe Bren'nssfrcﬂ'ulung'l

;Tadlahon dose recewed fhrough severol s!clbs of shleld material. Bremssfrahlung

- mdiaﬁon is a form of X-roy creafed when high eﬁergy charged particles are
slowed down by a moferial.‘ This program considers only electron-produced
Bremsstrahlung.

Required inpﬁqts to this program are:
Theincidént electron s?egtwm
Photon attenuation coeffic‘ienfs
. Build—up coefficient; :
Shield matéridls oﬁd thfcknesses, and solid angles
Flux to dose conversion fa;:tors.
The calculated dose s called the eléctrqn >B.remsstrohl-ung radiation dose
and is computed in equation {2).
The program may also be U;ed to estimate the Bremsstrahlung radiation
dose received b‘)"men or equfpment inside a vehicle situated ina regioﬁ of elec~

tron radiation. To perform these calculations, the program requires a resolution
\0‘1}‘2}‘( /

1. The electromagnetic radiation emitted by electrons when they pdss
through matter. The continuous spectrum of X-rays from an X-ray tube is that

of Bremsstrahlung (from the German bremse=brake, strahlung=radiation; namely
the radiation given off as an electron is slowed or braked in traversing matter).




of all material in the vehicle into an equivalent polyhedral shell. 2 Each side

\ 4_! ~
] l/l_ O ! ~
of a shell is described by the solid angle it subtends from the dobrebc\eiver v

point and the mctgriéls ondAfheir fhicknesses of that side‘(se.e Figure 1). By
CQ‘rxsidje_riihg human tissue <-:slpaf‘fbof the shielding; doses mdx be calculated at

i f:oints _ihside;th'e hqmén body. If the vehicle conffguroﬁon is not complex (can

be assumed to be of uniform thickness over large regions), the resolution into
a polyhedron is obviated. This will be discussed further in the séction on Input

Preparation and Output Description.

ASSUMPTIONS

The method of solution used in the program depends on several assumptions.

The Bremsstrahlung radiation is assumed to be generated on the surface of the

outermost shield layer and no electrons penetrate this surface. This assumption is -

justified by the fact that the Bremsstrahlung is much more penetrating than incident

electrons. Actually, Bremsstrahlung originates at any depth of the material but

with exponentially reduced intensity as depth increases.

Bremsstrahlung is treated as a parallel beam source of infinite area with

semi-infinite slab shielding. To account for the additional dose from scattered-

is accomplished with a weighting factor. For successive shielding layers, the

dose buildup was assumed to be multiplicative.  In the calculations of doses

2. A figure or solid formed by four more plane surfaces. |

©radiation, empirical buildup factors were used. Angular distribution of the source
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-FIGURE 1. Vehicle resolved into équivc!enf polyhedral shell configuration.



CLIMITATIONS

inside a vehicle, the same assumptions apply to each side of the aporoximating

. polyhedron mentioned previously. The photon energy spectrum is assumed to

“ be-independent of the outer shield lo}er composition.

PRV

fhé i‘ncbidént é.l‘ect’ron spéctrum m‘ust be oncilyf?ccd‘ly defined as a
function of electron energ);. Only twelvé or less shield matéricls may be
considered at one time. Attenuation coefficients and coefficients determining
the dose buildup factors as a function of photon3 energy and shield material
are tabulated inputs with .cxf r‘nost‘ 100 eneréy points allowed. Dose conversion
factors are tabulated inputs with i;he energy points being fEe same as for the

above coefficients. A polyhedron of no more than 350 sides may be used to

represent a vehicle.

RECOMMENDATIONS

It is recommended that the program be modified to handle Bremsstrahlung

“photon production which varies with the shield material of each layer. Recen’rly,

by the use of another computer-program, Bremsstrahlung production in multi-
element slabs has been investigated. These results indicated that shield material
has an effect on the Bremsstrahlung production when the slab is thinner than the

range of an electron.

3. An indivisible quantity of electromagnetic energy. Sometimes
called a light quantum. '
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PROCEDURE

NOMENCLATURE_

The kﬁor-r’\.epc.:lc)f_l'uje.- lspresenfedin >T‘c_lbvle_‘;'|.” S

CUMETHOD e

The theory for these calculations is reported in Ref, 1.
This section is divided into two parts: the first. parf is a discussion

of the procedure for calculating the Bremsstrahlung dose for semi-infinite slab

~ shielding; the second part treats the procedure of performing an actual vehicle

shielding analysis,

Procedﬁre for Cclculaﬁﬁg the Bremsstrahlung Dose’ for Simi-Infinite Slab Shielding
Computation of the dose from secondary photons, produced by elécfron
. interactions with matter, can be described in the following wdy! Electrons of
- a given energy produce Bremsstrahlung phéfons of various energies. Only a
fraction of the incident electron eﬁergy fs converted to pl';o’ron energy. Photons
are absorbed as they are transmitted through layers of material. If the dose

from photohs of all energies arising from electrons is considered, one may write:
b= 5 TKGy) N(EYW(E)F(E, y)dE jdy - =~ (1)
. Y o

where: D = photon dose received in a region
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TABL.E 1. Nomenclature

~ Mathematical

Sxmbol
E e

L EEE

-~ EF

Progrom
Symbol

ELSI

CONGO

12

DO3SV,

"TVDOSE

SOURCE FACT

 PISUM

DOSCON -

" SINGL
FUNCT

T
AU, AUNM-

- B1, B3

B2, B4

" DOMEGA

R LA e e i 9 N

Explanation o

L Electron energy in Mev (million o
o _electron volts) :

Photon energy in Mev
A function subroutine name, also
the electron differentjal spectrum

in electrons/Mev/cm

Atomic number of shield material
Fraction of electron energy which
is convertec to photon energy, also

name of a function subroutine

Photon differential energy spectrum
in Mev/Mev

Shield sector index

‘ ’.Shield layer index

Photon dose

. 2
Electron source, in elecfrons/cm
Photon energy transmission

Energy flux to dose conversion -

factor .

Arbitrary function
Acbitrary function

Material thickness, in grﬁ/cm2

Mass attenuation coefficient
Coefficients in dose buildup factor

Solid angular increment/47}1”

- (weighting factors) .

e S




S = total number of electrons passing into the outermost layer per unit
area of shield surface

E= el'ectron energy

= photon energy

A I N(E) = elecfron dnfferentml number specfrum (number of elecfrons hc::vmgw o
LR e D "'v'; : “ energy between E and E+AE divided by AF)

W(E) = fraction of e‘eetron energy converfed to photon energy

F(y,E) = total energy of all photons having energy between y and y + Ay
~ divided by Ay, arising from electrons of energy E

T(y) = fraction of photon energy transmitted through the shield layers;
a function of photon energy (dependent on material thickness)

K(p) = conversion from photon energy/unif area to units of dose for
- photons of energy v

, 'E.u = upper limit on electron energy

"= loyver limit on photon energy

Yu = upper limit on photon energy
For each sEieIc’ layer conffguratien, fhe. phofo;ﬁ dose in a region behind
the shielt‘:iing‘ is evaluated by the use of a special purpose infegrut.ion subroutine
DerO' (Ref. 2) ‘n order to use subroutilne"DlTTO, the dose formula is rewritten
as: A‘ | |
D=5 g(y |  flx, y) dx d y - : | (2) :
B T | |
“where g(y) and f(x) are expressed in the program as function subprograms with

both g(y) and f(x, y) being. continuous functions and
o o 10 '




.

1j’

blj'

" gly) = Tly) K(y)
flx, y) = N(X) W(X) F(x,y)

ln fhe com"ufer progmm, fhe funchon g(y) is ccHec SINGL and fhe -

. functlon f(x, y) is called FUNCT Versahhfy has been odded fo fhe program
g .. .by leﬂ'mg N(x) cmd W(x) be descrlbed by sepurote funchon subprograms ELSI

and CONGO

At this poiet, th_e various.ferms in fhe formula wi-.ll be sfcfed explicifly;
The dose D, electron energy E, and photon ene}gy Y conversion factor K,
and the limits of integration are self-explanatory. Particular attention is
given the transmission function T.

~ Calculation of the fraction, T, of photon energy transmitted through a

- shield is performed by using a formula having twoorgumenfs, photon energy

and material thickness. Parameters involved also depend on materiat composition.

N .
X -p.X, b..pX, -b,. p.X,
T=T"le dd(p. e Wildsp o 411 3)
=1 ]J ZJ
J

- where: T = energy transmission through o number of shield material layers (Nx)

X. = thickness of material j, expreesed in gm/cm

p = mass attenuation coefﬁcxenf for material J cmd a given photon
energy, expressed in cm /gm

. BZ_j' sz
N |
Tx = the producf of the enclosed expression for each layer i, where.

= buildup coefficients for material jond a given photon energy




Buildup coefficients and mass attenuation coefficients make up tabulated
orrays, thelr elements dependmg on photon energy and material composition.

e The phofon dufferenhal energy spectrum, cccordmg to Wyard (Ref. 3 )

et

s roughly mdependent of matenol composmon cmd is expressed as:

F=12 4{‘]'?) ‘%’"(;) )
~ where: F = total photon energy of all phofon.s having energy between y and
y + Ay divided by Ay, arising from electrons of energy E.

 The constant 1,25 is a factor which'normcliées the spectrum such that
the integrated phqron énergy ipst equals the energy E of one electron. This
function F is included in tf\e subprogram FUNCT.
The fraction of fhe electron energy E, whic::h is actually cénverfed to | |
Bremsstmh!unéﬁﬁoton energy, iss (Ref. 1) |

"y 20-0001987 (1.96 £ +2)
= 82
1 +0. ]52|n( )

()
< |

" where: Z = atomic number of the outermost shield layer (layer exposed to the
' electrons)

The function W is computed in subprogram CONGO.
The electron differential number spectrum N(E) is the number of electrons having

energy between E and E+/AE divided by AE. v'This can also be stated by the

relation:

' N(E )AE = total number of electrons w xth energy bet\«een
Eond E +AE

It is convement to normalize such a specfrum to one elecfron so that:

12.

S T L L




N(E) dE = 1 . (6)
0

by the function subprogram ELSI.

i}

"~ . In the program, N is specifie

Currenﬂy, ;_/ti\};e“smtém‘éﬁsv of N are written-in ELSI with a selection of_A o

one mode at compute time by the input of cn index setting n.
. | . Y
N = expression for electrons in the artificial belt forn=1

N = expression for electrons in the artificial be|t4 forn =2
(different formula)

N = expression for'electrons in Van Allen Belt for n =3 natural
beit '

The factor S is used to scale the cclcUlcfed dose from a norma?ized
electron spectrum to the actual dose. It is composed of two factors: the
total external electron flux {expressed in eléctrons/cmz/sec) and the
-fmcfiron‘of the total flux which can enter the shie.léing materials. Total
electron flux may be a time integrated flux if H"-ne total dose is desired rather

than dose rate.

Procedure for Performing an Actual Vehicle Shielcing Analysis

Calculation of dose at points totally surrounded by shielding materials
has been formulated as a simple extension to the: infinite plane slab calculations.
The portion of the program which performs such an analysis is enterec optionally.

This calculation is important in the estimation of Bremsstrahlung raciation doses

4. This belt was caused by high altitude weapon tests.
| 13




received by men and equipment on board space vehicles. Simply stated, the

scheme is to perform the dose calculations for a set of slab probléms, then

| compute a weighted sum of fhé;é doses. Thus:

where Dv = dose received at a prescribed point inside the shield configuration

Di = dose for the infinite slab shielding case number i.

ALy, = increment of solid angle for slab sHielding case number i,

divided by 417.
- This .weighﬁng factor /\ L is equivalent to the fraction of total solid

angle subtended by a particular region of the surrounding shielding as seen from

the dose pdi{ﬁ. That the total dose at points completely surrounded by shield

. materials may be calculated in the manner described has been shown in

Ref. 4. Weighting factors used in a vehicle analysis are discussed further

»

under Inout Preparation.

RESULTS

- To check the volid‘ifyv of this prog-rom, comparisons were made with
aafa published by C. D. Zérby and H. S. Moran (Re’;'. 5). Although the
cases run for comparison were not identical fo conditions used by Zerby and -
Morcm_, disagreement was, as expec‘tec', relatively small. Their data was
tissue dose rate from Bremssfrchl;mg_ raciation with an idealized Ap_ollo

vehicle wall exposed to electrons in the artificial radiation belt.

o«




INPUT PREPARATION AND OUTPUT DESCRIPTION

- INPUT DATA PREPARATION

A ln p‘t"ep.arrihgv, for a computer run of this pv_rbgr'cm,» two broad categories

: -of effort are required. First, it is necessary to determine the materials and-

- P A Coed Ul et £

‘ I;heir; fh:cknesses ob;ervec; fH;;dgg any ’se_c.for of thé vehicle. The re;ulfs of
thi; v(vivll be a set of Qeighting factors, shield layer f-hicknesses,‘ and shield
layer ‘materials. |

Secondly, the various parameters which s‘pecify the shielding pro~
perties vof.the mcteriozis’ involved, the units of dose, ond electron energy
~spectrum of fher environment must be specifiec. This éollecﬁon of.informaﬁon
constitutes the major part of the program input. _TBe following paragraphs
de.;,crfbe in‘d‘efoil the noﬁnol procedures for obtaining this c?ofc. ‘Di'reci:ions
for prej;'zo_ration of input data cards.cre- sféted by~ comments in the pfogram.

listing.

SHIELD'CCNFIGURATlON
The entire Sfrucfure of a vehicle, _6ufer'fuselo§e and interior components.
~ .are observed from the po?nt of interest, i.e., the dose poi‘nt.. From th?s point,
thevstmctureA is broken into solid o'ng-u-icr regions. The Bosi; for selection of
regions is-;‘hct the rﬁcrericls_and their thicknesses be uniform in each region.
“For eachv region, thejth'ickneés of every layer of material intersected by a line

from the dose point to a point outside the vehicle is calculated. The thickness

15




_ \ _
mentioned is equal to the !e ngth of the.line segment wh?ch lies inside the

layer. , Such fhxcknesses are expressed in terms of optical depth (mctenol

'

: »densaty mulhpl sed by the thlckness) Types of motenal in each layer (in -

N

Vpamcular, the oi’omnc number) is recorded for eoch luyer, where the layers

'more numbered with the outward layef being number one. Finclly, _v fhe

_weighﬂng factor for the region is calculated as the solid angle representa-

~ tion of the regien divided by 411’. This number is then equivalent to the

frachon of total solid angle occupled by this region. Note that the sum of
all weighting fcctors should be unity. Usuclly, the vehicle will have some

axis of symmefry which facilitates the task of sectoring.

" PARAMETERS AND TABLES - -

The vafieue pvcrumetexjs and tables of materio’l properties are defer;-
mined from a kAnow'lec‘ge of the radiation environment and the materials wFich
exist in the shield loyers. From the .r.odictien environmeﬁf, the shape ‘cr:nd
magnitude of the ihéideef electron spectrum is defermi‘ned. if the specfrum:
shape is o;ne‘.cf those calculated in the existing subroutine ELSI, only the

index number, N, is needed. However, any spectrum can be inserted in

 that routine if a suitable expression of N(E) can be formed.

The limits of integration are set as the highest electron energy

present in the spectrum and the lowest photon energy which will penetrate

~ the thmnesf sh:eldmg in the system. Common!y used volues are 0.1 Mev to

<. 10 Mev. Both: upper limits from Equanon (2) should be the same since the

e

e
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highest Bremmstrahlung eneréy. is- just equal to the higﬁest electron energy.
A'tcbulcr array of dose conversibn factors is prepared which will

- depend on the units éf dose or dose rcte des:rec and the material in whlch

f.dose“ns t; be mésured ‘ _The icffer is normolly human hssué. fhls array is

tobulofed versus phot.cnk ;nergy; 11;4 Me‘v’. Euch entry should then éonverf

- ph‘<>>ton eﬁergyﬂux, in N\ev/:;m2 sec, at the gwen energy to dose, e.g.,

ruds/hrr. For éxamp!e, to obtain rads/hr iﬁ fissu;a, the user would obtain

values of the mass energy absorption coefficient such as given in Ref. 6.

-8 (100 ergsy

AAV

These values would tHen be multiplied by 3600 sec/hr 1.6 x 10

to give the requi?ed table entries. An abbreviation of the dose rate units

stated in HOLLER!TH characters is ul'sp r.equiréd_ as input.A These characters

' | cfspecf in the-’ output from the ;Sro’grcm.

F’mcll)(, tabular OFTO);S of dose buildup factor coefficients Gl;ld. mass

. atfenuation c.oefﬁcients _ére prepared. These'coefﬁcienrs are tabulated

versus ;ﬁhofon energy for every ﬁwdteriél wgichvcppecrs in the sh:ielding con-

figuration. This also includes tissue when dose is desired af‘som_e point inside

the human body. i'he orderT fn which the various materials are set up in the

data card deck determines the index number for each material. Refer to

‘Ref. 6 for a compilation of attenuation ’coefficients and Ref. 6 for a com-

pi-lction of'd'oise buildupyfacfor coefficients. Note that the computer program
-a.,ux

requires the dose buildup factor to be of the form, AI e A2 27,

All control parcmefefs are 'defined in the coced comments found in the program
. .

17




listing. Cord formats and input data symbols are also defined in those

comments.

TOUTPUTDATA -

i SRR ) Th; .'Pl'il;fe.d oufput fromfh|s fﬁrogf&r;\i (v'ic >lo-gi'cc;l.f‘op.é 6)‘ is}édequate’lxy
| annotated and is self explonafﬁry. Réfer to t‘he sc::m'ple p.roblém.out.;-aur. ifa
vehicle analysis is not called for, fEe !.c_sf page of output for each case will
not cpp;-:ar. The- first few pages, which list primarily the material properties,
vcpvpecr o:;nly once for e;:ch computer run. Pro%a!em titles are a part of the input

for each case so that each case may be given o new title.

v
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 OPERATING INFORMATION

- Instructions for program operation are stra ightforward. The program

- . Lo

inputdam is exéeéfed h;' be plﬁcéc& on magnehcfape (I;é'icai 5-) and'r‘é'c'xd" .
accordlngto 'the FORTRAN READ INPUT TAPE s‘i'atemenfv.' Output printing |

s dbne via |9gico| tape- 6 using fhe FORTRAN WRITE'OUTPUT TAPE state- |
ments. The normdvl progrcrﬁ stop is fnitiéted through the monitor system by

- the lack of further input data. An error indication is‘giveﬁ when extrapolation

is required in the calculation of dose buildﬁp‘, attenuation coefficients, or

dose conversion factors, only if the extrapolation indicator is set in the input

data.-

19 e
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'was _de.‘s_yi'g‘ned for oberdﬁbns qnder a rn'aé_hine .FORT‘RAN monitor system. The
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PROGRAMMING INFORMATION

: PROGRAM REQUIREMENTS

Tofol sforoge requurements and subroutmes specnfued by the progrom are

L stated here. The main progrcm and subroufmes nof obfomed from a normcl

FORTRAN hbrcry require a totol of 11,940 locations.

COMMON storage locations and 4, 482 locations For the instructions and

- NON-COMMON data storage.

EXP

| NaYe
LUO

EXIT

returns control to Monitor

Also required are those routines used by the FORTRAN system for input and

output of data.

Subroutines considered part of the program itself are:

INPUT

ELSI -
CONGO'
 FUNCT
SINGL.
| GUESS

DITTO

" reads fixed data and parameters which are not

changed during run

" described.on page 10

described on page ‘10 -

~described on page 10

described on page 10

a.table lookup and interpolation routine ,

" a specialized double integral routine -

described in Ref. 2

Thts is spllt into 7 458

Subroutines required from the library include:
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s Mocro Flow Diagrdmuf'or Bre.mssffu‘hiung Progfcm '

- o - CSTART )

~ READ BASIC DATA TO
__BE USED FOR THE RUN

T SET PARAMETER FOR
= |~ " INTEGRATION ROUTINE

—. * PROGRAM STOPS

< A WHEN NO MORE -
INFORMATION 1S
READ CONTROL INFORMATION ~ TOBE PROCESSED

FOR ONE VEHICLE ANALYSIS
OR ONE PROBLEM SET

,—~_ FOREACH VEHICLE
- S m SECTOR OR SET OF
] \__/ SHIELD LAYER
READ SHIELD LAYER THICKINESSES

THICKNESSES AND MATERIAL NUMBER

o - SET UP OUTPUT INFORMATION

SET ATOMIC NUMBER OF
OUTSIDE SHIELD LAYER
FOR USE IN. CALCULATION

* OF INTEGRAND

 CALCULATE TABLE OF
BUILD-UP FACTORS

e
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~ -CALCULATE DOSE INTEGRAL

PRINT CALCULATED RADIATION DOSE

LOOP FOR EACH

s
- THIS .
A VEHICLE

VEHICLE SECTOR
" OR SET OF SHIELD
LAYER THICKNESSES

NO

ANALYSIS

COMPUTE EQUATION NQ.7

DOSE CALCULATION FOR
: A VEHICLE
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5500

€500
200
1500

6500
8900
L%00

$4900
LA L]V

1400
0400
6€00

8€00-

€00
€€00
Z€00
1€00
0€00

6200
8200
L200

9200’

$200
%2Q0
€200
2200
1200
0200
6100
8100
1100
9100
$100
€100
2100
1100
0100
6000
8000
L000
9000

%000
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